Results: PCSI scores were highly correlated with those of the MMSE (r 0.51) and the CDR (r -0.71). In addition, the PCSI scores differed significantly between the normal group and the dementia group (mean difference 1.71, standard error [SE] 0.14, P0.001), while no such difference was observed between the illiterate group and the literate group (mean difference 0.00, SE 0.24, P=0.997). Diagnostic validity of the PCSI is excellent, with a sensitivity of 90% and a specificity of 98% for screening dementia, whereas the MMSE has a sensitivity of 85% and a specificity of 60%.
Introduction
Dementia is an acquired syndrome that gradually impairs cognitive functions such as memory, language, visuospatial processing, conceptualization, and judgment. The incidence of dementia has risen alongside the increase in the aging population. Consequently, screening for dementia has become necessary to reduce the potential burden it incurs for the public. 1 The purpose of this study was to develop a test to screen for dementia in elderly populations, regardless of their education and literacy level.
Development of an accurate dementia screening tool that is independent of literacy level is crucial, especially for use in elderly populations who tend to have a high rate of illiteracy. Many elders in Asia have not received a formal education due to poverty, resulting in higher incidence rates of dementia. In fact, illiterate elders have four times the risk of dementia. Thus, the detection of dementia in illiterate elders is critical; 2 however, in reality, they remain largely unacknowledged. The Mini Mental State Examination (MMSE) is one of the most widely used dementia screening instruments in the world. 3 It has been shown to have good reliability and validity in detecting dementia; however, this instrument is limited because its results are strongly influenced by education. 4, 5 Other dementia screening instruments also consistently bear submit your manuscript | www.dovepress.com
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Park et al these problems (eg, the 7-minute screening, Consortium to Establish a Registry for Alzheimer's Disease [CERAD] , and the Hasegawa dementia rating scale). Therefore, it is crucial to develop a sensitive dementia screening tool that is not influenced by education and literacy levels. To overcome these difficulties, researchers have adopted age and educational norms of the elderly 6 or used caregiver interviews to screen for dementia. However, the tools that are administered to assess dementia in illiterate elders still need to be developed further. First, administering different norms depending on the patient's educational level hinders and undermines the efficiency of screening and dementia assessment in clinics. Second, the use of second-hand information, such as gathered in a caregiver's interview, to examine a patient's performance can be less accurate. Therefore, an accurate and brief screening tool that directly measures performance of a participant should be developed.
This study developed the Pictorial Cognitive Screening Inventory (PCSI) to screen for dementia regardless of education and literacy level. The PCSI comprises a 'pictorial' memory test and a selective attention test with color perception. 7 The pictorial memory test was modified from a delayed 'word' recall test that shows high predictive accuracy (95.2%) for screening of dementia in Alzheimer's disease. 8 In addition, the selective attention impairment test is sensitive enough to detect subcortical dementia such as subcortical ischemic vascular dementia, a dementia with Lewy bodies. 9 Verbal series attention tests using numbers and letters have been shown to have a high correct group classification of 89% 10 in the assessment of dementia.
The goals of the current study are to test the validity of the PCSI to screen dementia, to verify its accuracy in dementia screening regardless of literacy, and to find its optimal cut-off point to differentiate the normal population from the dementia population.
Materials and methods scale development of the Pcsi
The PCSI consists of two subtests: a pictorial memory test and a selective attention test. In the pictorial memory test, 20 pictorial stimuli were created to replace the 20 word stimuli from the previous screening instrument. 11, 12 These new pictorial stimuli afford the test the advantage of also being usable with illiterate people ( Figure S1 ).
When selecting pictorial stimuli, each picture representing a word is within the 90th percentile for frequency in the corpus of the Korean language and has a concrete meaning. The 20 stimuli were drawn by a professional illustrator, ensuring that they were generally easy for participants to recognize.
The initial pictorial memory test used ten of the 20 pictorial stimuli (flower, umbrella, chair, hand, key, house, phone, hat, turtle, and hanger). The other ten stimuli (tree, mushroom, ship, cherry, sun, star, faucet, necklace, cat, and envelope) were used as distracters in the delayed recognition test, which was administered toward the end of the pictorial memory test. Researchers used computers to create circles of about 5 cm diameter, in yellow, red or black, to measure the selective attention of participants.
Participants
The 80 participants were at least 65 years old and were recruited from the SMG-SNU Boramae 
exclusion criteria
The exclusion criteria for participating in this study included a known history of neurological disease, head trauma, stroke, or any other physical illness affecting cognitive functions; visual or hearing difficulties that would interfere with the testing procedure; and motor impairment that could affect test scores. This research was completed in accordance with the guidelines of the Helsinki Declaration.
Dementia diagnosis
Dementia was diagnosed based on the criteria of the fourth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) 13 by a trained psychiatrist and a neurologist. All dementia subjects underwent neurological examinations and brain magnetic resonance imaging to exclude other brain diseases. The MMSE and the Clinical Dementia Rating (CDR) instruments were administered by a psychologist.
The diagnosis results revealed that, within the dementia group, 27 (70%) subjects were diagnosed with Alzheimer's dementia, eight (20%) subjects were diagnosed with subcortical vascular dementia, and five (10%) subjects were diagnosed with other dementia such as frontotemporal dementia and Lewy body disease. The CDR score was 0 for all participants in the normal group, while, in the dementia group, 16 (40%) received a score of 0.5 (questionable dementia), 16 (40%) received a 1 (mild dementia), five (12.5%) received a 2 (moderate dementia), and three (7.6%) received a 3 (severe dementia). 
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Pcsi administration procedures
The review board of our institution, Boramae Medical Center of South Korea, approved the study protocol. The psychologist independently administered the PCSI, the MMSE, and the CDR to all participants, and made a valid diagnosis of dementia. All stimuli were presented on a computer. The basic order when administering the PCSI is to first present ten initial pictorial stimuli. A participant will then undergo the selective attention test. The participant is then asked to recall the initial pictorial stimuli. Finally, the psychologist presents a set of stimuli that is a mix of both the initial pictorial stimuli and the new pictorial stimuli. Each pictorial stimulus was presented one at a time with an inter-stimulus interval of 2 seconds. During the presentation, the participant 'read' the stimuli out loud to commit it to memory. During this phase, if the subject was unable to correctly 'read' the first pictorial stimuli, the administrator could read the stimuli with the participant. After the first set of pictorial stimuli was presented, the selective attention test was administered. In order to measure an individual's selective attention, yellow, red, or black circles were presented on the center of the computer screen one at a time for 3 seconds each. This test presented 50 colored (black, yellow, and red) circles. Half of the circles, a mixture of yellow and red, were presented randomly, and the other half was solely black and were also randomly distributed. Participants were asked to respond only to the black circles by pressing the space bar on the keyboard. The number of correct responses (out of 50 trials) was calculated by summing the number of correct inhibitions to yellow and red stimuli (out of 25 trials) and the number of correct responses to black stimuli (out of 25 trials).
Once the selective attention test was finished, a recall test from the initial pictorial memory test of ten stimuli was administered. The number of correctly recalled pictorial stimuli was the score (out of ten trials) for the delayed recall test. Then, in a delayed recognition test, the ten previously presented pictorial stimuli along with ten novel stimuli (we previously called these optional pictorial stimuli) were presented one by one in random order with a 2-second interstimulus interval. The delayed recognition score (out of ten) was calculated by subtracting ten from the sum of correct 'yes' or 'no' responses (20 trials in total) to the question of whether the picture had been previously presented. Consequently, the PCSI scores consisted of a delayed recall score (out of ten), a delayed recognition score (out of ten), and a selective attention score (out of 50). The total administration took about 6-8 minutes for each test subject. To assess the test-retest reliability of PCSI, 25 participants (nine illiterate normal, one illiterate with dementia, ten literate normal, and five literate with dementia) were gathered after 2 weeks and re-tested with the PCSI with the same procedures and materials.
assessment literacy questionnaire
A literacy questionnaire developed by Moon and Chey 14 was used to assess the literacy level of the subjects. This questionnaire categorizes literacy into four levels: level 1 is for those who are unable to read or write Korean at all; level 2 is for those who have difficulty with both reading and writing Korean; level 3 is for those who only have difficulty with writing in Korean; and level 4 is for those who have no difficulty with writing and reading in Korean. Levels 1 and 2 are categorized as illiterate, and levels 3 and 4 are categorized as literate. For a more detailed description of this instrument, see Youn et al. 15 clinical Dementia rating
The CDR is a representative measurement for assessing dementia severity that was developed by Hughes et al 16 and partially revised by Morris. 17 It is designed to produce a global composite CDR score for dementia severity, combining the clinical evaluation by a clinician on impairment in six areas: memory, orientation, judgment and problem solving, community affairs, home and hobbies, and personal care. The composite rating consists of five levels: 0 (none), 0.5 (questionable), 1 (mild), 2 (moderate), and 3 (severe).
Mini Mental state examination
The MMSE is a neurocognitive test designed to screen cognitive impairment. 3 Its scores range from 0 to 30, where higher scores indicate better cognition and scores below 25 indicate cognitive impairment. It can be administered in 5-10 minutes. The Korean version of the MMSE consists of orientation (10 points), short-term memory registration and recall (6 points), attention (5 points), naming (2 points), following verbal commands (4 points), judgment (2 points), and copying a double pentagon (1 point 
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Park et al PCSI, MMSE, and CDR scores. To examine the concurrent validity, partial correlation analyses were conducted between the PCSI scores and the MMSE and the CDR scores while controlling for the effect of age on test scores. Two-way ANOVAs were conducted to test for any significant main and interaction effects of dementia status and literacy status in the scores of the PCSI and the MMSE. To assess the ability of the PCSI subtests and the MMSE to screen dementia, separate receiver operating characteristics (ROC) curves were plotted for the illiterate group, the literate group, and the whole group. To measure the test-retest reliability, intra-class correlation coefficients (ICCs) for the baseline and 2-week follow-up PCSI scores were assessed.
A composite score for the PCSI was calculated by combining the scores of the three subtests using discriminant analysis to simplify its use in real clinical settings. To allow for comparison of the three subtests that employ different scales of measurement, they were first converted to Z scores, and the discriminant function coefficient for each score was calculated. The products of the Z scores of each subtest and their coefficients were summed to produce the composite scores. Correlation analyses were conducted between these composite PCSI scores and the other test scores (MMSE and CDR) and demographic variables. Two-way ANOVAs were conducted to test the between-group difference based on dementia status and literacy status, and ROC curves of the PCSI and MMSE were plotted to examine how well they discriminated dementia in the illiterate group, the literate group, and the whole group. Comparison of ROC curves was performed with MedCalc software (MedCalc Software bvba, Ostend, Belgium). The significance level for all statistical tests was set to a two-tailed P-value of 0.05.
Results
Demographics
The information about age, education, and sex for each group (illiterate-normal, illiterate-dementia, literate-normal, and literate-dementia) is presented in 
concurrent validity
In order to assess the concurrent validity of the PCSI subtest scores, partial correlation analyses between the PCSI subtest scores and the MMSE and the CDR scores were conducted while controlling for age, because age showed a significant correlation with all PCSI subtest scores among the demographic variables. Since education level was highly correlated with illiteracy (r 0.802, P0.01) and was not correlated with the PCSI subtest scores, we did not control for education level.
The delayed recall score from the PCSI showed significant correlation with both the MMSE score (r 0.50, P0.01) and the CDR score (r -0.69, P0.01). The delayed recognition score also showed significant correlation with both the MMSE score (r 0.33, P0.01) and the CDR score (r -0.56, P0.01). The number of correct responses in the selective attention test showed significant correlation with both the MMSE score (r 0.38, P0.01) and the CDR score (r -0.54, P0.01). According to all of the significant correlations with the measurements, these indicate good performance on the PCSI, which can predict good cognition and low clinical severity. Table 2 presents the means of the PCSI and the MMSE scores based on dementia status (normal vs dementia) and literacy level (illiterate vs literate). In order to examine the main and rOc curves for Pcsi subtest and MMse scores ROC curves were plotted to indicate how well the PCSI subtest scores and the MMSE scores discriminate between the normal group and the dementia group. Table 3 shows the cut-off scores, sensitivity, specificity, false-negative rate, false-positive rate, and correct classification rate (CCR) for the whole group, the illiterate group, and the literate group.
Diagnostic validity and literacy level
The PCSI subtest scores had high accuracy for discriminating dementia status using the same cut-off points for both illiterate and literate groups. Moreover, recall score of the pictorial stimuli in particular showed higher discrimination accuracy than did other test scores. In contrast, the MMSE scores had low specificity: 0.6 for the whole group, 0.8 for the literate group, and 0.4 for the illiterate group.
Test-retest reliability
Test-retest reliability data were collected from 25 participants at 2-week intervals. Score difference in the selective attention test from the first to second evaluation was between -4 and 2, and the ICC between the baseline scores and the follow-up was 0.98 (P0.001). The score difference in the delayed recall test was between -3 and 2, with an ICC of 0.89 (P0.001), and the score difference in the delayed recognition test was between -6 and 6, with an ICC of 0.83 (P0.001). ROC curves were plotted to demonstrate how well the PCSI composite scores and the MMSE scores discriminated dementia status in the whole group ( Figure 1A) . The area under the ROC curve was 0.98 for PCSI and 0.87 for MMSE. Figure 1B shows the ROC curve for the illiterate group, with the area under the ROC curve being 0.95 for PCSI and 0.90 for MMSE. Figure 1C shows the ROC curve for the literate group, with the area under the ROC curve being 0.99 for PCSI and 0.90 for MMSE.
When compared against the sensitivity, specificity, and CCR of the PCSI, the MMSE scores showed lower figures. In a statistical evaluation with MedCalc ROC curve comparison, the PCSI was found to be statistically better than the MMSE (P=0.01). Furthermore, using the same cut-off value for both illiterate and literate groups for diagnosis resulted in a significant drop in sensitivity, specificity, and CCR for the MMSE but not for the PCSI (Table 4) .
Discussion
The MMSE, a widely used dementia screening instrument, is strongly affected by literacy level and education. Researchers suggest that countries with low education levels need cognitive ability testing instruments tailored to their own environment. 18, 19 This study developed the PCSI, a dementia screening tool that consists of a memory test using pictorial stimuli. Its most significant finding is considered to be that it is an efficient way to diagnose Alzheimer's dementia among illiterate subjects. 20, 21 Moreover, the selective attention test in the PCSI has shown the acceptable diagnosis for subcortical ischemic vascular dementia, a Lewy Body dementia. 22, 23 The administration results for the PCSI in this study show strong concurrent validity, diagnostic validity, and test-retest reliability.
The correlation between the PCSI composite score and its subtest scores and the MMSE and CDR scores were all significant, indicating that the PCSI has adequate concurrent validity as a testing instrument for measuring dementia. Both the subtest scores and the composite scores of the PCSI showed a high sensitivity to screening dementia while not being affected by literacy status. Unlike the PCSI, the MMSE had difficulty discriminating between the normal-illiterate group and the dementia-literate group. These results indicate that the PCSI is a test that overcomes the challenge of distinguishing the normal-illiterate group from the dementia group of the existing test.
The ROC curve also demonstrates the effectiveness of the PCSI. Regardless of literacy status, the PCSI score was 
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Dementia screening for illiterate people able to detect dementia using an identical cut-off value. However, for the MMSE score, specificity and CCR were decreased within the illiterate group when an identical cutoff value (22/23) was used for diagnosis. Unlike the MMSE, the PCSI is not affected by literacy status; thus, it certainly reflects the fact that, in countries with a low education rate, the PCSI has more validity as a testing instrument than the MMSE. Furthermore, the PCSI showed high test-retest reliability, demonstrating its reliability as a testing instrument with minimal measurement error. The PCSI focused on attention and memory performance; it does not cover other cognitive functions such as executive functions, abstract thinking, visuospatial skills, and social cognitive skills that can be affected in dementia patients. The screening tool should take less than 10 minutes to administer in clinic. Therefore, we only focused on the two functions (attention and memory) that are most impaired in dementias such as Alzheimer's disease, subcortical ischemic vascular dementia, and Lewy Body dementias. However, even though these two performances showed high sensitivity in the screening of dementia, further studies should examine the possibility of other cognitive functions that can more efficiently distinguish dementia.
The current study has a few limitations. First, the group assignment of the participant sample did not consider demographic variables such as age, education, and sex. In particular, in terms of sex, the number of female participants was significantly higher in the illiterate group, reflecting the traditional situation in Korea, whereby the female population had scarce opportunity to receive a proper education. Nevertheless, the PCSI subtest scores and composite score showed no significant correlation with education level, whereas the MMSE score showed a significant correlation. To reduce the perceived bias, this study controlled for age during the statistical analysis, but future studies should conduct research on age-and sex-matched groups. Second, the current study had a small sample size, which may limit the generalizability of the results; thus, cross-validation studies with larger samples are needed.
Conclusion
The PCSI developed in the current research is a reliable instrument for detecting dementia effectively, regardless of participant's education history or literacy status. The PCSI addresses the limitations of existing tests and is appropriate for use in countries with a high illiteracy rate. Furthermore, this tool takes less than 8 minutes to administer, which suggests that it can be a valuable and efficient tool, satisfying the rapidly increasing needs for the screening of dementia in the rising elderly population in Asian countries. 
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